Purpose: The purpose of this study was to report our initial experience of hyaluronic acid gel injection (HGI) in the vesicovaginal septum (VVS) for bladder dose reduction in brachytherapy (BT) for uterine cervical carcinoma.
Purpose
Brachytherapy (BT) plays an evidence-based role in the definitive radiotherapy (RT) of uterine cervical cancer [1, 2, 3, 4, 5] , with its impact being reflected in the direct correlation between its utilization and improvement in survival [6, 7] . Furthermore, the introduction of image-guided adaptive brachytherapy (IGABT) facilitated the generation of clinical knowledge concerning the optimal dose coverage of the high-risk clinical target volume (HR-CTV), i.e.
over 85 Gy to achieve long-term local control as well as the dose constraints of adjacent organs at risk (OARs), such as rectum, sigmoid colon, and bladder [8, 9, 10, 11] . Even though three-dimensional (3D) treatment planning in highdose-rate (HDR) IGABT enables for anatomy-oriented dose optimization, while the versatility of intratarget dose modulation can be controlled and directed to selectively reduce the dose to OARs, the anatomical relationship between tumor and adjacent risk structures does not always allow the compliance with dosimetric recommendations.
Hyaluronic acid gel injection (HGI) has been shown to safely increase the space between OARs and target volumes in the BT treatment of various tumor sites, hence improving OARs protection significantly [12, 13, 14, 15] . In addition, a phase III clinical trial could demonstrate that SpaceOAR™, the polymerized type of polyethylene-glycol hydrogel, effectively lowered the rectal dose in prostate cancer external beam radiation therapy (EBRT) [16, 17] . The purpose of this study was to report our initial experience of HGI in the vesicovaginal septum (VVS) for patients treated with BT for uterine cervical cancer and to demonstrate its effectiveness with regards to bladder dose reduction.
Material and methods
Between September 2016 and May 2018, 15 uterine cervical cancer patients received HGI in the VVS for HDR-BT as a part of their definitive RT treatment. Of them, 9 patients received BT both with and without HGI in the VVS and were analyzed in this study. Remaining 6 patients were excluded because these 6 patients received HGI in the VVS for all BT fractions. All 9 patients also received HGI in the rectovaginal septum (RVS). Our RT management for uterine cervical cancer has been described in detail elsewhere [18, 19] . In brief, whole pelvic EBRT of 20-40 Gy with sequential central shield (CS) of 10-30 Gy was delivered until a total pelvic dose of 50 Gy in 25 fractions. Concurrent weekly CDDP (40 mg/m 2 ) was administered for patients with clinically positive nodes or tumor size > 4 cm. Brachytherapy was delivered after the initiation of CS by means of tandem and ovoids/ cylinder with or without additional interstitial needles for larger or irregular shaped tumors, according to the residual tumor extent at the time of BT. All 9 analyzed patients' characteristics are presented in Table 1 with Table 2 summarizing RT details. 
A B
Hyaluronic acid gel injection in the VVS was performed with a 19 G needle (disposable ultrasonography compatible puncture needle, Create Medic, Co., LTD., Kanagawa, Japan) under the transrectal ultrasound (TRUS) guidance through the anterior wall of the vagina. Patients with anterior vaginal wall or bladder wall invasion were excluded because of potentially tumor cell dissemination or under dose of bladder wall. In order to avoid urethral injury, the needle was inserted via anterior wall of the vagina beyond the Foley catheter balloon protuberance, which was fixed to the bladder neck. In order to avoid laterally situated ureter injury, the needle was kept in the midline. Five vials of sunenyl (Chugai Pharmaceutical Co., Tokyo, Japan) diluted with 5 ml of saline and 2-4 ml of contrast enhancement agent (oiparomin 370; Fuji Pharmaceutical Company, Toyama, Japan) were injected in the VVS and in the RVS (Figure 1 ). With this technique, the vagina could be sandwiched anteriorly and posteriorly by hyaluronic acid gel. Unlike the rectal side, only 5-10 ml of suvenyl solution could be injected in the VVS due to comparatively limited space. In addition to the HGI in the VVS, usual gauze packing above and below the ovoids was performed. Figure 2 shows an example of axial and sagittal CT images of a patient with and without HGI in the VVS with BT applicators in situ. tient with and without HGI in the VVS. The bladder is contoured yellow, and the 6 Gy isodose (100% isodose, i.e. prescription dose) is represented by the red line. In Figure 3A and B, the 100% isodose is covering bladder tissue, while in Figure 3C and D, the 100% isodose is not affecting the bladder due to HGI.
Anatomy-oriented dose optimization was performed in order to cover the HR-CTV by the 6 Gy isodose, while OAR dose constraints should be kept within guideline recommendations [9, 11] . For obtaining the combined dose of EBRT + BT, the equivalent dose in 2 Gy fractions (EQD2) [9] was calculated according to LQ model [20] using the formula:
in which N represents the number of fractions and d the dose per fraction. The α/β ratio was assumed 10 Gy and 3 Gy for tumor and normal tissues, respectively [21, 22] . Because central parts of the pelvis do not receive irradiation during CS, only the whole pelvic EBRT doses were used for EQD 2 calculation. Dose constraints for OARs are as follows: rectum D 2cc < 75 Gy (EQD 2 ), bladder D 2cc < 90 Gy (EQD 2 ).
In order to enable a straightforward dosimetric comparison, all patients receiving multiple BT fractions both with and without HGI in the VVS through their course of RT were selected. Dosimetric parameters such as bladder D 2cc (most exposed 2 cc of bladder dose), HR-CTV D 90 (minimum dose covering 90% of the HR-CTV), and rectum D 2cc (most exposed 2 cc of rectum dose) were compared. Each patient had dose-volume-histogram (DVH) parameters for each BT fraction with or without HGI in the VVS. Because the number of BT fractions with or without HGI in the VVS differed between patients, for each patient, the dose parameters of each BT fraction were averaged and categorized in groups with and without HGI in the VVS to create one representative dose for a specific patient in each group. In two patients, overall two BT sessions were excluded from analysis due to a prescription dose < 6 Gy. Paired t-test was performed to compare the mean value difference of each dosimetric parameter. P value < 0.05 was considered to be statistically significant.
Written informed consent was obtained from all patients. This retrospective study was approved by the institutional review board of the National Cancer Center Hospital (approval number 2017-091) according to the ethical standards laid down in the Declaration of Helsinki.
Results
The cumulative EQD 2 for HR-CTV, rectum D 2cc , and bladder D 2cc for the 9 patients are summarized in Table 2 . The median number of BT fractions was four (range, 2-5). Four, one, three, and one patient received HGI in the VVP once, two, three, and four times in their course of RT, respectively. Table 3 represents the DVH parameters comparison normalized at 6 Gy in single fraction between BT fractions with and without HGI in the VVS. Figure 4 demonstrates overview of plots of individual bladder D 2cc value for each of the 9 patients. Normalization was performed because the number of BT fractions differed according to the tumor response, and 6 Gy was our standard single prescription dose. Two patients who received under 6 Gy per fraction of BT as a final boost BT session for the residual tumor and these two last sessions were excluded from the analysis. While no statistical difference could be detected for rectal dose reduction, bladder dose No severe bleeding, hematuria, bladder wall injury, or urethral injury requiring hospitalization was experienced in association with HGI in the VVS, while mild bleeding from the anterior wall of the vagina or penetration of bladder base that did not required need/prolongation of the hospitalization was observed.
Discussion
Image-guided BT (IGBT) is an integral component of primary RT for uterine cervical cancer contributing to improved pelvic control and survival compared to chemoradiation therapy (CRT) by sole EBRT [6, 7, 23] . Against this background, quality of life issues has gained increasing importance for treatment decision making, with BT having proved next to high efficacy also low morbidity [23] . This is because HDR-BT meets the objective of conformal dose escalation optimally by exploiting the radiobiological advantage of extreme hypofractionation, while ensuring superior 3D dosimetry. At this point, the versatility of intratarget dose modulation inherent to afterloading BT enables dosimetric optimization, which cannot be reproduced even with the most conformal external beam techniques [24] , thus enhancing the therapeutic ratio by decreasing higher grade OARs toxicity, such as rectal ulcer and rectovaginal or vesicovaginal fistula [25] .
To this effect, next to efforts improving conformity by IGBT, also vaginal gauze packing or rectal retractor devices were used to create additional space between target volume and OARs. However, in various clinical settings, it still remains challenging to fulfill the dose constrains recommended by the Groupe European de Curietherapie-European society for radiation therapy (GEC-ESTRO) [9] and the American Brachytherapy Society (ABS) [11] for the definitive RT treatment of locally advanced carcinoma of the cervix. Some researchers tried to find optimal bladder filling volume, which most likely reduce dose of OARs (bladder, rectum and sigmoid colon) in image-guided BT for cervical cancer [26] . At this point, HGI has shown to be a further aid to create safely space between OARs and tumor volume both in BT [12, 13, 14, 15] and in EBRT [16, 17] . In this study, we used HGI in the VVS in an attempt to reduce bladder dose effectively and demonstrated that this was safely possible. Minor bleeding from vaginal wall or bladder could be easily managed by simple vaginal packing or bladder irrigation. Moreover, our findings support that HGI not only reduces the dose to OARs but might also contribute to safe target dose escalation. Damato et al. reported HGI in the VVS and RVS using cadaver [27] and reported that HGI could reduce the OARs dose less than with only usual gauze packing. The same group also reported usage of HGI to create space between vaginal cuff and bowel in the post-operative case [28] . To the best of our knowledge, this is the first report on the feasibility and dosimetric superiority of HGI in the VVS for bladder sparing in uterine cervical cancer BT for actual patients. One vial of sunenyl costs only 725 Japanese yen (5.66 Euro), therefore, it can be said that this procedure is quite economical. There are several limitations in this study. This is a retrospective analysis with a limited number of patients. Moreover, this study only demonstrated dosimetric superiority of HGI in the VVS for bladder sparing. However, it is unclear if this dosimetric superiority will be translated into meaningful clinical benefits. Mazeron et al. reported in a study with median follow-up of 35 months that bladder D 2cc for 10% grade 2 or greater and grade 3 or greater were 55.4 Gy and 85.3 Gy, respectively [29] , which suggested that even small reduction of bladder dose would translate into later toxicity-free survival. Therefore, further clinical research is needed to find its long-term efficacy. It is easy to imagine that patients with bladder invasion should not receive HGI in the VVS because this would prohibit the delivery of an adequate dose to the bladder neck. It might also be true that in the era of IGABT, most patients do not experience severe late side effect after definitive CRT without HGI in the VVS. However, in keeping with the belief that "the better is the enemy of the good", more research is justified in order to fully explore the potential HGI in the VVS from a clinical point of view.
Conclusions
HGI in the VVS can be performed safely and can effectively reduce the bladder dose in BT for uterine cervical cancer patients.
